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PROPSHAFT WITH IMPROVED CRASH-WORTHINESS 

Technical Field 

[0001] The present invention relates generally to motor vehicle 

propeller shafts, and more particularly concerns a propeller shaft having 
improved crash-worthiness. 

Background Of The Invention 

[0002] Constant velocity (CV) joints are common components in 

automotive vehicles. Typically, CV joints are employed where 
transmission of a constant velocity rotary motion is desired or required. 
Common types of constant velocity joints are a plunging tripod, a fixed 
tripod, a plunging ball joint and a fixed ball joint. These types of joints are 
currently used in front wheel drive vehicles, or rear wheel drive vehicles, 
and on the propeller shafts found in rear wheel drive, all wheel drive, and 
four wheel drive vehicles. 

[0003] Propeller shafts are also commonly used in motor vehicles to 

transfer torque from the front drive unit to a rear axle such as in a rear 
wheel and all wheel drive vehicles. Propeller shafts are also used to 
transfer torque and rotational movement to the front axle in four wheel 
drive vehicles. In particular, two-piece propeller shafts are commonly used 
when larger distances exist between the front drive unit and the rear axle of 
the vehicle. 

[0004] Besides transferring mechanical energy, it is desirable for 

propeller shafts to have adequate crash-worthiness. In particular, it is 
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desirable for the propeller shaft to be shortened axially to prevent it from 
buckling, penetrating the passenger compartment, or damaging other 
vehicle components in close proximity of the propeller shaft. In many crash 
situations, the vehicle body shortens and deforms. As a result, it is 
desirable that the vehicle propshaft be able to reduce in length during the 
crash, at or below a specified load. It is further desirable for the propeller 
shaft to absorb a considerable amount of the deformation energy during the 
crash. Thus, it is desireable that a mechanism be provided for permitting 
the propeller shaft to collapse under appropriate loads without 
compromising the driveline performance under normal operating 
conditions. 

Summary Of The Invention 
[0005] In one embodiment, a propeller shaft for a vehicle is provided 

which includes an elongated hollow cylindrical body having a reduced 
profile intermediate portion defining at least one transition area between 
the intermediate portion and the body. In the region of the transition area, 
at least part of the cylindrical body lies over the intermediate portion such 
that during fracture in the region of the transition area, the body telescopes 
over the intermediate portion. The intermediate portion extends along 
approximately 10-30 percent of the length of the body, and can be angled or 
parallel with respect to the cylindrical body. Approximately 1-10 mm of 
the cylindrical body can be made to overlap the intermediate portion in the 
transition area. 

[0006] In another embodiment, a frangible telescopic propeller shaft 

is provided. The shaft includes an elongated hollow cylindrical body, a 
reduced diameter intermediate portion along a length of the body, and at 
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least one spin-formed transition area between the intermediate portion and 
the body. The transition area includes a frangible feature wherein at least a 
part of the cylindrical body lies over the intermediate portion such that, in 
response to a sufficient axial force, the frangible feature fractures to 
telescope the body over the intermediate portion. 

[0007] In another embodiment of the invention, a method of making 

a propeller shaft is provided. The method includes providing an elongated 
hollow cylindrical body, and spin-forming a reduced profile intermediate 
portion along a length of the body, the intermediate portion defining at 
least one transition area between the intermediate portion and the body. 
Thereafter, in the region of the at least one transition area, an axial force is 
applied to the body while the exterior surface of the cylindrical body is 
simultaneously supported to fold the at least one transition area onto itself 
such that at least a part of the cylindrical body lies over the intermediate 
portion in the region of the transition area. 

[0008] One of several advantages of the present invention is that the 

spin-formed feature permits the propeller shaft to collapse within itself in a 
telescopic fashion at a predetermined axially load. The present invention 
itself, together with further objects and intended advantages, will be best 
understood by reference to the following detailed description, taken in 
conjunction with the accompanying drawings. 

Brief Description Of The Drawings 
[0009] For a more complete understanding of this invention, 

reference should now be made to the embodiments illustrated in greater 
detail in the accompanying drawings and described below by way of 
examples of the invention. 
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[0010] In the drawings: 

[0011] Figure 1 shows a plan view of a vehicle driveline having a 

propeller shaft assembly in which the present invention may be used to 
advantage. 

[0012] Figure 2 shows a partial perspective view of a propeller shaft 

according to one embodiment of the present invention. 

[0013] Figure 3 shows the propeller shaft of Figure 2 after a first 

rolling operation. 

[0014] Figure 4 shows the propeller shaft of Figure 2 after a second 

rolling operation. 

[0015] Figure 5 shows a sectional view of the propeller shaft of 

Figure 2. 

Detailed Description Of The Invention 
[0016] In the following description, various operating parameters 

and components are described for one constructed embodiment. These 
specific parameters and components are included as examples and are not 
meant to be limiting. 

[0017] While the invention is described with respect to a propeller 

shaft having improved crash-worthiness within a vehicle driveline, the 
following apparatus is capable of being adapted for various purposes 
including automotive vehicles, motor systems that use a propeller shaft, or 
other vehicles and non-vehicle applications which require collapsible 
propeller shaft assemblies. 
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[0018] Referring now to the drawings wherein like reference 

numerals are used to identify identical components of the various views, 
Figure 1 illustrates a diagrammatic view of an exemplary driveline of a 
motor vehicle having a propeller shaft assembly in which the present 
invention may be used to advantage. The driveline assembly of Figure 1 is 
illustrative of the environment in which a propeller shaft in accordance 
with the present invention may be used. Other driveline layouts may also 
be improved by use of the propeller shaft disclosed herein, including single 
unit propeller shaft arrangements or multi-section propeller shaft 
arrangements for rear wheel drive or four-wheel drive vehicles. The shaft 
in accordance with the present invention may also be used in side shaft 
assemblies, or in non-automotive torque shaft applications. 

[0019] In the example of Figure 1, there is shown a driveline for a 

four-wheel drive vehicle. The two front wheels 1 and the two rear wheels 2 
are driven. Figure 1 also shows the gear box 3 with the gear box output 4. 
In the region of the rear axle, there is provided an axle drive 5 with a drive 
input 6. The two front wheels 1 are driven by side shafts 7. The two rear 
wheels 2 are driven by the side shafts 8, starting from the axle drive 5. The 
connection between the gear box 3 and the axle drive 5 is provided by a 
propeller shaft assembly which comprises two propeller shaft portions 9 
and 10. The propeller shaft assembly is additionally supported on the floor 
assembly of the vehicle by an intermediate bearing 11 which, in this 
example, is arranged approximately centrally. The intermediate or center 
bearing 11 can be a center bearing tuned absorber, i.e., a dynamic damper. 

[0020] In the first propeller shaft portion 9, the propeller shaft 

assembly includes a first rotary joint 12 arranged near the gear box output 
4. For connecting the two propeller shaft portions 9, 10, there is provided a 
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second rotary joint 13. At the end of the second propeller shaft portion 10, 
there is arranged a third rotary joint 14 which, via a connecting mechanism, 
is connected to the drive input 6 of the axle drive 5 in the region of the rear 
axle. The rotary joints 12, 13, 14 may be cardan joints or any one of several 
types of constant velocity joints such as a plunging tripod, a cross-groove 
joint or fixed joint, a fixed tripod joint or a double-offset joint. In this 
example, all three joints 12, 13, 14 are constant velocity fixed joints. In most 
applications, the propeller shaft portions 9, 10 rotate at a speed which is 
higher than the speed introduced by the engine into the manual or 
automatic gear box. The reduction of the speed of the rear wheels 2 takes 
place in the axle drive 5. Whereas, for example, the propeller shaft 
assembly with the propeller shaft portions 9, 10 and the associated the 
joints 12, 13, 14 may be required to rotate at speeds of up to 10,000 
revolutions per minute, the speeds of the side shafts 8 for driving the rear 
wheels 2 may only reach approximately up to 2,500 revolutions per minute. 

[0021] Thus, the driveline assembly of Figure 1 is a multi-sectional 

propeller shaft driveline assembly including two propeller shaft portions 9, 
10, at least one of which is a propeller shaft having improved crash- 
worthiness in accordance with the present invention. The present 
invention may also be used to advantage front- wheel drive, all-wheel drive, 
rear-wheel drive or other four-wheel drive driveline configurations. The 
improved propeller shaft of the present invention can also be used to 
advantage driveline assemblies having a singular propeller shaft (omitting 
the second joint 13), or propeller shaft assemblies having more than two 
propeller shaft portions. 

[0022] Referring now to Figure 2, there is shown a partial perspective 

view of a propeller shaft according to one embodiment of the present 
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invention. The propeller shaft 9, 10 includes a thin-walled hollow tubular 
body 20. The tubular body 20 is made of metal which is capable of being 
spin-formed as described in more detail below. The tubular body 20 has an 
interior surface 22 and an exterior surface 24. Along a section of the body 
20 there is formed an intermediate region 26 having a reduced diameter or 
profile as compared to the cylindrical body 20. The intermediate region 26 
is formed by a spinning operation as described in more detail below with 
reference to Figures 3 and 4. Transition regions 28, 30 are formed during 
the spinning operation. At least one of the transition regions 28, 30 is 
formed such that a portion of the body 20 lies over the intermediate region 
26. The formation of the intermediate region 26 and transition regions 28, 
30 will be described below with respect to Figures 3 and 4. 

[0023] Referring now to Figure 3, there is shown a propeller shaft in 

accordance with the present invention after a first spin-forming operation. 
In a first production stage, the hollow cylindrical tube 20 is spin-formed by 
a profiled first roller 50 or set of profiled rollers to form the reduced 
diameter intermediate region 26. The roller 50 includes a graduated region 
52 to form the corresponding stepped or reduced diameter intermediate 
region 26 along a portion of the tubular metal body 20 of the propeller 
shaft. After the first spin-forming operation, the transition regions 28, 30 
comprise an inclined or tapered surface separating the intermediate region 
26 from the remainder of the cylindrical body 20. 

[0024] Referring now to Figure 4, there is shown the propeller shaft 

of Figure 3 during a second spin-forming and axial loading operation. In 
the second spin-forming operation, a roller or set of rollers represented by 
roller 56 is brought into contact with the exterior surface 24 of the 
cylindrical body 20 in the area of one of the transition regions 30. The roller 



-8- G00348/US 



surface 58 is flat and corresponds to the outer diameter of the cylindrical 
body 20. The roller 56 maintains the exterior dimension of the cylindrical 
body 20 while the shaft is loaded axially. While the roller 56 is in contact 
with the exterior surface 24 of the cylindrical body 20, an axial force F is 
applied in the direction of the arrow shown in Figure 4 to fold the transition 
area 30 back onto itself such that a portion of the body 20 lies over at least a 
portion of the intermediate region 26. The first and second spin forming 
operations can be hot or cold forming operations depending upon the 
material used for the propeller shaft and the desired material properties for 
the remitting shaft. 

[0025] As a result of the second spin-forming and axial loading 

operation, the propeller shaft has an improved crash-worthiness feature 
which can best be seen with reference to Figure 5. Figure 5 shows a 
longitudinal sectional view of the propeller shaft of Figure 4 after the 
second spin-forming operation. As can be seen in Figure 5, in the transition 
region 30, the exterior surface 24 of the cylindrical body 20 has been forced 
towards the intermediate region 26 such that an end 60 of the tubular body 
20 lies over the intermediate region 26. The amount of overlap can be 
between approximately 1-10 mm, although more or less overlap may be 
desireable for certain applications. 

[0026] In operation, in the event of a sufficient axial load in the 

direction of arrow A, the transition region 30 will fracture and the body 
segment 70 will move towards the intermediate region 26 and telescope 
over the intermediate region 26 to collapse the propeller shaft in the axial 
direction. The formation of the crash feature in the transition region 30 can 
be designed such that the crash feature is activated only when a 
predetermined axial load has been exceeded. For example, the crash 
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feature may be cold formed or hot formed depending upon the desired 
elasticity and fractureability of the resulting transition region in the 
propeller shaft. Similarly, the profile of the intermediate region 26 can be 
altered to provide a desired fracture behavior for the overall shaft. For 
example, the intermediate region 26 can have a diameter which is on the 
order of 80 to 95% of the diameter of the tubular body 20. The greater 
diameter reduction between the intermediate region 26 and the body 20, the 
weaker the transition areas 28, 30 will be in most cases. The length of the 
intermediate region 26 can also vary depending upon the range of 
telescoping desired for the propeller shaft under consideration in the event 
of a sufficient axial load. In most cases, it is contemplated that the 
intermediate region 26 will comprise between 5 and 30% of the overall 
length of the propeller shaft. 

[0027] From the foregoing, it can be seen that there has been brought 

to the art a new and improved propeller shaft which has advantages over 
prior propeller shaft assemblies. While the invention has been described in 
connection with one or more embodiments, it should be understood that 
the invention is not limited to those embodiments. For example, a propeller 
shaft in accordance with the present invention may include more than one 
intermediate region with a formed crash feature. In addition, both of the 
transition regions 28, 30 can include the formed crash feature. Similarly, 
the profiles of the first and second rollers 50, 56 can vary without departing 
from the scope of the present invention. For example, the first roller 50 
could be profiled such that the tubular body 20 gradually transitions from 
the exterior surface 24 to the transition region 30 resulting in an inclined 
intermediate region 26 rather than a stepped intermediate region 26 as 
shown. Thus, the invention covers all alternatives, modifications, and 
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equivalents as may be included within the spirit and scope of the appended 
claims. 



